Heat effects induced during the storage of enteral formula under laboratory and industrial conditions
I N T R O D U C T I O N
Enteral feeding as nutritional support is steadily expanding and sales of commercial preparations are rising. This increasingly wide use can be mostly attributed to the development of simple and low risk procedures for the placement of tubes in the gastrointestinal tract and the availability of a wide variety of commercial enteral feeding formulas with diverse nutrient components. 1 The formulas may be modular or complete diets. Modular formulas provide all nutrients when supplemented with another diet. 2 Complete formulas usually contain a specific combination of protein, fat, carbohydrate, vitamin, and mineral components. The proteins used are preferably caseins and whey proteins, and some formulas enclose soy proteins. The carbohydrates are mostly dextrinomaltose, glucose, maltose and lactose. The heat treatment facilitates the manufacture of the products, guarantees their safety, and prolongs their storage life.
The Maillard reaction is one of the most important modifications in food that contain proteins and reducing carbohydrates. It is induced by heating and long storage conditions and can produce a loss of nutritive value. 3 Many chemical heat-induced indexes based on products of the Maillard reaction have been proposed to assess heat treatment effects in foods. Some of these parameters are related to an early stage of the Maillard reaction, and are evaluated by analysis of furosine ( ε -N-(furoylmethyl)-L-lysine), an amino acid formed during acid hydrolysis of the Amadori compounds (fructosyl-lysine, lactulosyllysine and maltulosyl-lysine) produced by reaction of ε -amino groups of lysine with glucose, lactose and maltose 4 and by the loss of amino groups (mainly lysine). 5 Furosine is a useful indicator for stored milk. Studies of the prolonged heating or inadequate storage of milk showed increases in furosine levels. 6 The processing of enteral formulas and milks is similar. Moreover, the proteins used are usually milk proteins, although the most widely used carbohydrates are dextrinomaltose, and lactose is less common. Thus, furosine may be a good indicator to control enteral formula storage conditions. We have found no published data on furosine in enteral formula.
Non-enzymatic browning in food has been evaluated by the loss of amino groups (mainly lysine), using o-phthaldialehyde (OPA) as fluorogenic reagent. 5 The OPA reacts far better with the ε -amino groups on lysine than other peptide groups, including the terminal primary amine. 7 The loss of OPA fluorescence is a useful measurement to control milk processing 5 and may also be of value in the control of enteral formula storage.
Fluorescent compounds and brown colour are formed in the advanced Maillard reaction. The fluorescent compounds are formed prior to the formation of brown pigments. The accumulation of free fluorescent compounds has been related to the temperature/time of treatment in milkresembling systems 8 and therefore could be useful to control enteral formula storage.
The storage of enteral formula in adverse conditions can produce a decrease in the nutritional value of these products. The control of formulas is important, because they constitute the only source of nutrition for many patients. The objectives of this work were to study the behaviour of furosine, loss of OPA reactivity, Maillard reaction-associated fluorescence, and colour determination during the storage of enteral formula in usual and adverse conditions, and to evaluate their possible utility to control the processing of these foods.
M A T E R I A L S A N D M E T H O D S

Samples
Enteral formulas
Two types of formulas (A and B) were analysed, with the same composition but different protein content (formula A, 3.7% protein; formula B, 5.4% protein). The enteral formula samples were obtained from a Spanish dietetic products company. These formulas were composed of water, dextrinomaltose, whey proteins, calcium caseinate, milk fat, vegetable oils, minerals, vitamins, and additives.
Duplicate samples of these products were stored by the manufacturer at 55 ° C for between 1 and 12 weeks and were also stored in our laboratory at 4, 20 and 30 ° C for 12, 24 and 36 weeks.
Analytical determinations
Furosine
Furosine determination was performed following the methods described by Delgado et al . 9 and Guerra and Corzo. 10 One millilitre of the sample was hydrolysed with 7 mL of 9.08 M HCl at 120 ° C for 23 h in a Pyrex screw-cap vial with PTFE-faced septa. High-purity N 2 gas was bubbled through the solution for 2 min The hydrolysate was filtered with a medium-grade paper filter. An 0.5-mL portion of the filtrate was applied to a Sep-pak C 18 cartridge (Millipore) pre-wetted with 5 mL of methanol and 10 mL of deionized water and was then eluted with 3 mL of 3 M HCl and evaporated under vacuum. 11 The dried sample was dissolved in 3 mL of a mixture of water, acetonitrile and formic acid (95 : 5 : 0.2). 9 Of the resulting solution, 50 µ L, was introduced into a Perkin-Elmer model 250 liquid chromatograph (Norwalk, CT) with a Waters plus 717 autosampler (Milford, MD) and Perkin-Elmer model 235 diode array detector (Norwalk, CT). Data were collected by a 1020 software data system (Perkin-Elmer, Norwalk, CT). The furosine was separated using a Spherisorb ODS2 5 µ m (250 mm × 4.6 mm i.d. Phenomenex, Torrance, CA). Duplicates of each sample were analysed.
The mobile phase consisted of a solution of 5 mM sodium heptane sulphonate with 20% of acetonitrile and 0.2% of formic acid. The elution was isocratic and the flow rate was 1.2 mL/min. The UV detector was set at 280 nm. Calibration of the chromatographic system for furosine determination was by the external standard method. A standard stock solution containing 1.2 mg/mL of furosine (Neosystem Laboratories, Strasbourg, France) was used to prepare the working standard solution. The calibration was performed by adding increasing quantities of furosine standard, within the expected concentration range, to a previously hydrolysed raw milk sample. Four replicate analyses were carried out.
Fluorescence OPA measurement
The fluorimetric method was based on the available lysine methods described by Morales et al . 5 and Medina and García, 12 with slight modifications. 1.5 mL of sodium dodecyl sulphate (SDS) 12% (w/v) solution was added to 1.5 mL of a dilution of enteral formula (containing 2 mg /mL of protein) and then refrigerated overnight. One millilitre of sample was mixed with 2 mL of water and 2 mL of freshly prepared OPA reagent (16.4 mg in 2.5 mL of 95% methanol, 5 mL of 20% SDS, 25 mL of 0.1 M borate buffer pH 9.5, 400 µ L of 10% β -mercaptoethanol solution made up to 100 mL with distilled water) with constant stirring. This was then incubated for 2 min at 25 ° C, and the relative fluorescence (RF) was measured after 3 min at emission and excitation wavelengths of 455 nm and 340 nm, respectively, in a fluorescence spectrophotometer (Perkin-Elmer, mod. 204, Norwalk, CT). Quinine sulphate solution (5 µ g/mL in 0.1 N H 2 SO 4 ) was prepared daily as 100% RF calibration standard. Four replicate analyses were carried out.
Fluorescence spectroscopy
Samples were prepared according to the method reported by Morales et al . 8 Five millilitres of 
Colour determination
Colour determination was achieved by measuring water-soluble pigments at 420 nm after trichloromethane addition followed by centrifugation. An amount of 0.5 mL of formula was added to 1.5 mL of deionized water and 2.0 mL of trichloromethane. They were shaken for 30 s and centrifuged at 4500 r.p.m. for 10 min. The aqueous supernatant was then placed in an Eppendorf tube and centrifuged at 11 000 r.p.m. for 10 min Colour determination was carried out by measuring this supernatant at 420 and 600 nm, and subtracting the 600 nm measurement (the cloudiness value) from the 420 nm value. Four replicate analyses were carried out.
Protein determination
Protein determination was carried out by the Kjeldahl method.
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Statistical analysis Statistical analysis of data was performed by analysis of variance. The Student t -test was used to compare means and the level of significance was set at 95%.
R E S U L T S A N D D I S C U S S I O N
The protein composition of enteral formulas is similar to that of milk and infant formulas (caseins, albumins and globulins) but they differ in their lower reducing carbohydrate content (lower concentration of lactose and maltodextrins). Enteral formulas are prepared by mixing the ingredients (usually solids) and then sterilizing the mixture. The ingredients themselves undergo different processes that involve different intensities of heating.
Because of their carbohydrate content, the evolution of these formulas during storage is best assessed with first-step Maillard reaction indicators. However, these indicators could be generated during the preparation of the ingredients, which would limit their utility.
Study of the evolution of the Maillard reaction during storage must include both first-step (furosine and loss of OPA reactivity) and advanced-step indicators (fluorescence spectroscopy and colour determination). Table 1 shows the furosine content in samples stored at 4, 20 and 30 ° C in the laboratory. These temperatures are usual for the storage of this kind of food. The results showed an increase in furosine content in all samples at all three temperatures after 12, 24, and 36 weeks of storage.
Furosine content during storage of enteral formula
The statistical analysis showed no significant differences at 4 ° C but significant differences for both formulas ( P < 0.01) after 24 weeks at 20 ° C and 12 weeks at 30 ° C. At 4 ° C, the stability of the formulas, according to their furosine values, continued for up to 36 weeks. At 20 ° C, stability was only observed for 24 weeks and at 30 ° C only for 12 weeks. Table 1 also shows the furosine content under adverse conditions. The highest temperature (55 ° C) is used by industry for accelerated studies of storage stability and microbiological control. At 55 ° C, the highest furosine value was recorded after 3 weeks of storage in Formula A and after 8 weeks in Formula B, after which times the furosine decreased. The highest furosine values (expressed in protein) were found in Formula A, which could be due to its higher proportion of whey proteins.
There are no published studies of the use of this indicator in enteral formula. Corzo et al . 6 studied UHT milk storage at 20 ° C, 30 ° C and 40 ° C for 90 days and reported an increase in furosine with increasing temperature, with a decrease of the slope when temperature was higher, especially at 40 ° C. In the formulas we analysed, which have dextrinomaltose as the main source of carbohydrates, furosine is a useful indicator of storage at low temperatures over a long period and at high temperature over a short period of time. Table 2 lists the percentages of loss of OPA reactivity at usual and adverse storage temperatures.
Loss of OPA reactivity during storage of enteral formula
Type A formulas showed the higher losses, which could be due to the higher proportion of whey proteins, with their greater lysine content.
The statistical analysis showed significant differences in percentages of loss between storage temperatures for both formulas A and B ( P < 0.01).
An increase in OPA losses was observed after 12 weeks of storage at the three temperatures assayed. These losses were greater with longer time and higher temperature. Statistically significant increments were observed after 24 weeks of storage at 20 and 30 ° C but not at 4 ° C.
The changes observed at 55 ° C (Table 2) were always statistically significant ( P < 0.01) except in the storage of formula B between 2 and 3 weeks.
The highest loss of OPA fluorescence was recorded when the greatest heat intensity was applied. At 55 ° C (adverse conditions), the loss of OPA reactivity reached 50% after 12 weeks of storage ( Figure 1 ). In usual conditions (30 ° C), there was approximately 20% loss in formula A after 36 weeks of storage. Vigo et al .
14 studied model systems with casein, lactose and sucrose heated at 60 ° C for 20 h and reported a 13% loss of OPA reactivity. The lesser reactivity found in the formulas we analysed is explained by the presence of dextrinomaltose (low reducing power). Table 3 shows the accumulation of free fluorescent intermediate compounds in formulas stored at 4, 20 and 30 ° C for 12, 24 and 36 weeks and 55 ° C from 1 to 12 weeks.
Fluorescence compounds associated with the Maillard reaction
The measurements were made by assuming the FI of unstored formula to be equal to 0. Accumulation of these compounds was proportional to both temperature and storage time in each formula type. Formula B had higher FI values than formula A, probably because of its higher protein content.
There are few studies on the accumulation of fluorescence intermediary compounds in products Our data support the use of fluorescence spectroscopy to control the storage at low temperatures over long time periods, because of the linear increment of fluorescence at these temperatures (Figure 2 ). At high temperatures (55°C), the increment is not so linear probably due to the advanced stages of the Maillard reaction, in which the fluorescence decreases (Figure 3) . Table 4 shows the absorbance at 420 nm in formulas stored at 4, 20, and 30°C for 12, 24, and 36 weeks and 55°C for 1-12 weeks.
Colour measurements
The absorbances were measured taking the unstored formula as a reference. Formula B showed higher absorbance values than formula A, probably because of the higher content of protein in the former. Our data support the use of colour to control the storage at high temperatures during short and long times, because of the linear increment in colour at this temperature (Figure 4) . The samples showed slight colour change after one month of storage, so this method allows the quantification of this colour.
C O N C L U S I O N
Nonenzymatic browning during the storage of enteral formulas can be assessed using all of the indicators assayed in the present study. Furosine, loss of OPA reactivity, fluorescence, and colour can be used to control storage over a prolonged time and at room temperature or above. Fluorescence can also be used at refrigeration temperatures. The linear increase in fluorescence and colour with length and temperature of storage indicates that advanced stages of the browning reaction have started. 
